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18.0 Tables, Diagrams, Flowcharts, and Validation Data

METHOD 13A—DETERMINATION OF TOTAL FLU-
ORIDE EMISSIONS FROM STATIONARY
SOURCES (SPADNS ZIRCONIUM LAKE METHOD)

NOTE: This method does not include all of
the specifications (e.g., equipment and sup-
plies) and procedures (e.g., sampling and ana-
lytical) essential to its performance. Some
material is incorporated by reference from

other methods in this part. Therefore, to ob-
tain reliable results, persons using this
method should have a thorough knowledge of
at least the following additional test meth-
ods: Method 1, Method 2, Method 3, and
Method 5.
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1.0 Scope and Application

1.1 Analytes.

Analyte CAS No. Sensitivity

Total fluorides as Fluorine ................................................................................................. 7782–41–4 Not determined.

1.2 Applicability. This method is applica-
ble for the determination of fluoride (F¥)
emissions from sources as specified in the
regulations. It does not measure fluoro-
carbons, such as Freons.

1.3 Data Quality Objectives. Adherence to
the requirements of this method will en-
hance the quality of the data obtained from
air pollutant sampling methods.

2.0 Summary

Gaseous and particulate F¥ are withdrawn
isokinetically from the source and collected
in water and on a filter. The total F¥ is then
determined by the SPADNS Zirconium Lake
Colorimetric method.

3.0 Definitions [Reserved]

4.0 Interferences

4.1 Chloride. Large quantities of chloride
will interfere with the analysis, but this in-
terference can be prevented by adding silver
sulfate into the distillation flask (see Sec-
tion 11.3). If chloride ion is present, it may
be easier to use the specific ion electrode
method of analysis (Method 13B).

4.2 Grease. Grease on sample-exposed sur-
faces may cause low F¥ results due to ad-
sorption.

5.0 Safety

5.1 Disclaimer. This method may involve
hazardous materials, operations, and equip-
ment. This test method may not address all
of the safety problems associated with its
use. It is the responsibility of the user of this
test method to establish appropriate safety
and health practices and to determine the
applicability of regulatory limitations prior
to performing this test method.

5.2 Corrosive Reagents. The following re-
agents are hazardous. Personal protective
equipment and safe procedures are useful in
preventing chemical splashes. If contact oc-
curs, immediately flush with copious
amounts of water at least 15 minutes. Re-
move clothing under shower and decontami-
nate. Treat residual chemical burn as ther-
mal burn.

5.2.1 Hydrochloric Acid (HCl). Highly
toxic. Vapors are highly irritating to eyes,
skin, nose, and lungs, causing severe dam-
age. May cause bronchitis, pneumonia, or
edema of lungs. Exposure to concentrations
of 0.13 to 0.2 percent can be lethal in min-
utes. Will react with metals, producing hy-
drogen.

5.2.2 Sodium Hydroxide (NaOH). Causes
severe damage to eye tissues and to skin. In-
halation causes irritation to nose, throat,
and lungs. Reacts exothermically with lim-
ited amounts of water.

5.2.3 Sulfuric Acid (H2SO4). Rapidly de-
structive to body tissue. Will cause third de-
gree burns. Eye damage may result in blind-
ness. Inhalation may be fatal from spasm of
the larynx, usually within 30 minutes. May
cause lung tissue damage with edema. 1 mg/
m3 for 8 hours will cause lung damage or, in
higher concentrations, death. Provide ven-
tilation to limit inhalation. Reacts violently
with metals and organics.

6.0 Equipment and Supplies

6.1 Sample Collection. A schematic of the
sampling train used in performing this meth-
od is shown in Figure 13A–1; it is similar to
the Method 5 sampling train except that the
filter position is interchangeable. The sam-
pling train consists of the following compo-
nents:

6.1.1 Probe Nozzle, Pitot Tube, Differen-
tial Pressure Gauge, Filter Heating System,
Temperature Sensor, Metering System, Ba-
rometer, and Gas Density Determination
Equipment. Same as Method 5, Sections
6.1.1.1, 6.1.1.3 through 6.1.1.7, 6.1.1.9, 6.1.2, and
6.1.3, respectively. The filter heating system
and temperature sensor are needed only
when moisture condensation is a problem.

6.1.2 Probe Liner. Borosilicate glass or 316
stainless steel. When the filter is located im-
mediately after the probe, a probe heating
system may be used to prevent filter plug-
ging resulting from moisture condensation,
but the temperature in the probe shall not be
allowed to exceed 120 ± 14 °C (248 ± 25 °F).

6.1.3 Filter Holder. With positive seal
against leakage from the outside or around
the filter. If the filter is located between the
probe and first impinger, use borosilicate
glass or stainless steel with a 20-mesh stain-
less steel screen filter support and a silicone
rubber gasket; do not use a glass frit or a
sintered metal filter support. If the filter is
located between the third and fourth
impingers, borosilicate glass with a glass frit
filter support and a silicone rubber gasket
may be used. Other materials of construction
may be used, subject to the approval of the
Administrator.

6.1.4 Impingers. Four impingers connected
as shown in Figure 13A–1 with ground-glass
(or equivalent), vacuum-tight fittings. For
the first, third, and fourth impingers, use the
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Greenburg-Smith design, modified by replac-
ing the tip with a 1.3–cm (1⁄2 in.) ID glass tube
extending to 1.3 cm (1⁄2 in.) from the bottom
of the flask. For the second impinger, use a
Greenburg-Smith impinger with the stand-
ard tip. Modifications (e.g., flexible connec-
tions between the impingers or materials
other than glass) may be used, subject to the
approval of the Administrator. Place a tem-
perature sensor, capable of measuring tem-
perature to within 1 °C (2 °F), at the outlet
of the fourth impinger for monitoring pur-
poses.

6.2 Sample Recovery. The following items
are needed for sample recovery:

6.2.1 Probe-liner and Probe-Nozzle Brush-
es, Wash Bottles, Graduated Cylinder and/or
Balance, Plastic Storage Containers, Funnel
and Rubber Policeman, and Funnel. Same as
Method 5, Sections 6.2.1, 6.2.2 and 6.2.5 to
6.2.8, respectively.

6.2.2 Sample Storage Container. Wide-
mouth, high-density polyethylene bottles for
impinger water samples, 1 liter.

6.3 Sample Preparation and Analysis. The
following items are needed for sample prepa-
ration and analysis:

6.3.1 Distillation Apparatus. Glass dis-
tillation apparatus assembled as shown in
Figure 13A–2.

6.3.2 Bunsen Burner.
6.3.3 Electric Muffle Furnace. Capable of

heating to 600 °C (1100 °F).
6.3.4 Crucibles. Nickel, 75- to 100-ml.
6.3.5 Beakers. 500-ml and 1500-ml.
6.3.6 Volumetric Flasks. 50-ml.
6.3.7 Erlenmeyer Flasks or Plastic Bot-

tles. 500-ml.
6.3.8 Constant Temperature Bath. Capable

of maintaining a constant temperature of
±1.0 °C at room temperature conditions.

6.3.9 Balance. 300-g capacity, to measure
to ±0.5 g.

6.3.10 Spectrophotometer. Instrument
that measures absorbance at 570 nm and pro-
vides at least a 1-cm light path.

6.3.11 Spectrophotometer Cells. 1-cm path
length.

7.0 Reagents and Standards

Unless otherwise indicated, all reagents
are to conform to the specifications estab-
lished by the Committee on Analytical Re-
agents of the American Chemical Society,
where such specifications are available. Oth-
erwise, use the best available grade.

7.1 Sample Collection. The following re-
agents are needed for sample collection:

7.1.1 Filters.
7.1.1.1 If the filter is located between the

third and fourth impingers, use a Whatman
No. 1 filter, or equivalent, sized to fit the fil-
ter holder.

7.1.1.2 If the filter is located between the
probe and first impinger, use any suitable
medium (e.g., paper, organic membrane) that
can withstand prolonged exposure to tem-

peratures up to 135 °C (275 °F), and has at
least 95 percent collection efficiency (<5 per-
cent penetration) for 0.3 µm dioctyl phthal-
ate smoke particles. Conduct the filter effi-
ciency test before the test series, using
ASTM D 2986–71, 78, or 95a (incorporated by
reference—see § 60.17), or use test data from
the supplier’s quality control program. The
filter must also have a low F¥ blank value
(<0.015 mg F¥/cm2 of filter area). Before the
test series, determine the average F¥ blank
value of at least three filters (from the lot to
be used for sampling) using the applicable
procedures described in Sections 8.3 and 8.4
of this method. In general, glass fiber filters
have high and/or variable F¥ blank values,
and will not be acceptable for use.

7.1.2 Water. Deionized distilled, to con-
form to ASTM D 1193–77 or 91, Type 3 (incor-
porated by reference—see § 60.17). If high con-
centrations of organic matter are not ex-
pected to be present, the potassium per-
manganate test for oxidizable organic mat-
ter may be deleted.

7.1.3 Silica Gel, Crushed Ice, and Stopcock
Grease. Same as Method 5, Sections 7.1.2,
7.1.4, and 7.1.5, respectively.

7.2 Sample Recovery. Water, as described
in Section 7.1.2, is needed for sample recov-
ery.

7.3 Sample Preparation and Analysis. The
following reagents and standards are needed
for sample preparation and analysis:

7.3.1 Calcium Oxide (CaO). Certified grade
containing 0.005 percent F¥ or less.

7.3.2 Phenolphthalein Indicator. Dissolve
0.1 g of phenolphthalein in a mixture of 50 ml
of 90 percent ethanol and 50 ml of water.

7.3.3 Silver Sulfate (Ag2SO4).
7.3.4 Sodium Hydroxide (NaOH), Pellets.
7.3.5 Sulfuric Acid (H2SO4), Concentrated.
7.3.6 Sulfuric Acid, 25 Percent (v/v). Mix 1

part of concentrated H2SO4 with 3 parts of
water.

7.3.7 Filters. Whatman No. 541, or equiva-
lent.

7.3.8 Hydrochloric Acid (HCl), Con-
centrated.

7.3.9 Water. Same as in Section 7.1.2.
7.3.10 Fluoride Standard Solution, 0.01 mg

F¥/ml. Dry approximately 0.5 g of sodium
fluoride (NaF) in an oven at 110 °C (230 °F) for
at least 2 hours. Dissolve 0.2210 g of NaF in
1 liter of water. Dilute 100 ml of this solution
to 1 liter with water.

7.3.11 SPADNS Solution [4,5 Dihydroxyl-3-
(p-Sulfophenylazo)-2,7-Naphthalene-
Disulfonic Acid Trisodium Salt]. Dissolve
0.960 ± 0.010 g of SPADNS reagent in 500 ml
water. If stored in a well-sealed bottle pro-
tected from the sunlight, this solution is sta-
ble for at least 1 month.

7.3.12 Spectrophotometer Zero Reference
Solution. Add 10 ml of SPADNS solution to
100 ml water, and acidify with a solution pre-
pared by diluting 7 ml of concentrated HCl to
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